
� �� �� �� �� � � �

�	
 �� � � 	 ��� � 	

�� ���� �� � ���� �� � �! � !"# �# $# �# %�# " �&' � �'# %( %� # �� )# � � �' &� *�# + � �) & %� , & �# � " � �& % ) � - �# � � % ) & %� & � �'# & � � .� # � �'# �# " & � � %' �" / &# '# � ) & � � �� 0� % �# ��1 %'# /� � * % * �� �' %' /� �2# # � � � �' �" / %� % ) & % � � � $ ) %� � % / �" � * �� �' %' � � %2# � �" �� �� � �&' '# � ) & � �# � ) � % %" � ) � %' % % ) %' % & � �'# � �" �# " & � � %' �" +

34 5 6 798: ; <= >? 6@A 8B C ?D ?E @ < 6

F � GH � G� �I GJK � # " ) & %� , & �# � % ) ) � - � � /� � )# " � , &# L# �# � % � *"# � 2 % ) � � �# " +M �� # N# � /� � 0 & �# O /# � �� # � � � / &# '# " # � � �� %� & � %� � �# ' % & � % �� & )P %" 2# Q)# " 0# �# L �� & � % ) %� � % � 2 %� � %" ) %� � %" '# & �� %( � 0 /# " %� & � � * N# � � 0 � * �# �# � # �

L� & / �" % � L &1 �# �'# & � L� & / �'# ��' �2 �' & �" �� # ' �� � %R &# � ( %'# ) �� /�# " � - �'# * %� � %" '# % )# � � +

S TUV W X W YV Z[ Z[ �� G\ � �] �� I^ G\K � �  0 S 0'# & �# O /# � �� # � � �# " # � ) � � N& � � �'# � �' �" � �" / �" � *�# " �# " & � � %' �" '# & �# O /# � �� # � � � +

_ ` Ta bc d Z[e [f �" # O /# � �� # � � �" � %" " �� /�# " � � % , &# � � �" # � � �" , &# P % g" -� �' �" �# " & � � %' �" / �" � *�# " + M �� # N# � /� � 0# O %� �� %� " � & � % � %� / %� � � % R & � ) � � � % +
��# " / % ) � �� &# " �� %�# " S = {F,N} 0' � �'# F�# /�# "# � � % R & � ) � � � % g N ��' � ) %� � R & � ) � � � % + h �� �# O /# � �� # � � �'# # " �# � � / �# " � �� %� & � %� � �# ' % + ��# " / % ) � �� &# " �� %�# " S = {C, T} 0' � �'# C ��' � ) % ) %� % g T )# ) % +

_ ` Ta bc d Z[ i [ j � � �� %� �" & � ' %' �'# k � %' �" & � % 2# ( g �# L �" �� %� �" # � � . Q� # � � , &# " %�# 0# � � � � )# " S = {1, 2, 3, 4, 5, 6} + j � � �� %� �" & � ' %' � � � N � g & � �2# � '# g �# L �" �� %� �" � �" � .� # � �" � * �# � �' �" + �� �# " & � � %' �'# & �# O /# � �� # � � �) � �" �" �# # � & � / %� '# � .� # � �" 0' � �'# # � /� �� # � � .� # � � �# /�# "# � � %# � �# " & � Q� %' �'# � ' %' �� � N � g# � "# L & �' �# � '# � ' %' � 2# � '# + M �� # N# � /� � 0 (3, 6) ��' � ) %, &# � * �& 2 �� �" & � l# �# � ' %' �� � N � g & � k# �# � 2# � '# + ��# " / % ) � �� &# " �� %�) � �" �" �# '# l k / %�# " '# � .� # � �" 0

S = {(1, 1), (1, 2), (1, 3), (1, 4), (1, 5), (1, 6), (2, 1), (2, 2), (2, 3), (2, 4),

(2, 5), (2, 6), (3, 1), (3, 2), (3, 3), (3, 4), (3, 5), (3, 6), (4, 1), (4, 2),

(4, 3), (4, 4), (4, 5), (4, 6), (5, 1), (5, 2), (5, 3), (5, 4), (5, 5), (5, 6),

(6, 1), (6, 2), (6, 3), (6, 4), (6, 5), (6, 6)}.

m � �# , &# (3, 6)# " ' �" � �� � � , &# (6, 3) g %� * �" # " �n �# �# �# " / % ) � �� &# " �� %� +

o �" � � �& � �p %�"# �� � 0q 2 +p &" � �� � � rst t 0uv wtx q y M j % � z %� � �" '# p %� �� � )P# 0 u 1 � m# L� � 0q � L# � � �� % + {}| | | + � * +# ' & + %� ~ � �}�



_ ` Ta bc d Z[� [ j � & � % * % �# �1 % � �# �# 2 �� � % N# , &# # " �n R &# � %'# ) �# � � �" �1 � � �# " 0# " % * % �# �1 %# " �n R %� � %' % {�� ~ 0" �# � 2 �� � % N# # " �n '# � �� �'# ) �# � � �" �1 � � �# " 0# "� ��� %� { m ~ + j & / � � L % , &# & �# O /# � �� # � � � ) � �" �" �# # � �# " �# %� ) %' % * % �# �1 % %� # ' �' % , &# " %�# '# � % � ��# %'# /� �' & ) ) � - � P %" � % , &# "# � *"# � 2 % � % /� �� # � %� ��� %� + ��# " / % ) � �� &# " �� %�# "

S = {N,FN,FFN,FFFN, . . .}.

_ ` Ta bc d Z[ � [ F � % R n *� � ) %# O �� %# & � % � n� / %� % %� %( %� 0"# � %# � ) �# �'# g"#� %'# N % /�# �' �' % P %" � % , &# "# , &# � % + m �" �� �# �# " %# � � �# � / �'# 2 �' %'# � %� n� / %� % + � �# " �# ) %" � S = R>0 +

z �� � 2# � �" � �" # " / % ) � �" / &# '# � "# �

$ � � � �" {# N# � /� �" � +x g � + l ~

�� $ � � � �" � &� # � % *�# " {# N# � /� � � + w ~

�� $ � � � � � � � &� # � % *�# {# N# � /� � � +s ~

m �" -� � �� �# �# " % � ) %' % & � �'# � �" / �" � *�# " �# " & � � %' �" '# �# O /# � �� # � � �" �� � , &# / &# '# � �� �# �# " %� � �" R %� �� � %" � ) ��# ) ) � � �# " '# # � � �" +

S TUV W X W YV Z[ � [ F � G� GJK � # " ) & %� , & �# � ) ��# ) ) � - � {" & * ) � � N& � � � ~'# �# " & � � % Q' �" '# �# " / % ) � �� &# " �� %� S +

_ ` Ta bc d Z[ � [ � �# �# O /# � �� # � � �'# � � N# � /� � � + l & �# 2# � � �# " , &# � �" ' �"' %' �" � &# " ��# �# � � �" � � � .� # � � 0

A = {(1, 1), (2, 2), (3, 3), (4, 4), (5, 5), (6, 6)}.

z �� � � �" # 2# � � �" " � � ) � � N& � � �" 0 2 %�# � � %" � �" � %" �# � % ) � � �# " , &# # � �# ��1 %'# ) � � N& � � �" +

f %^ J �� J '# ' �" # 2# � � �" 0 A ∪ B 0# " # � " & )# " � , &# � ) & � �# " � � ) & � �# A �� ) & � �# B +

f % �JK G� \ G] ] �� J '# ' �" # 2# � � �" 0 A∩B 0# " # � " & )# " � , &# � ) & � �# " � � ) & � �#

A g � ) & � �# B +
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� ~ � % g %# O % ) � %� # � �# & � %� & N# � # � ��# � %" l /# � " � � %" # �# L �' %" +
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S1 = {(x1, x2, x3) : 1 ≤ xi ≤ 10, xi 6= xj" � i 6= j, i, j = 1, 2, 3}.

M �� # � � � � �' �'# � %" /# �� & � % ) � � �# " '# � % j# ) ) � - � l +x 0# � � .� # � �'## �# � # � � �" '# S1# " #S1 = P3,10 = 10 ·9 ·8 = 720 + �" � %( � � % *�# %" � L � %�# , & � /� � * % * �� �' %' %# " �# # " / % ) � � +

� ~ j# % A# �# 2# � � � % � �" ' �" /� �� # � �" ) � � L�# " �" 2 % �� & N# �# " 0

A = {(x1, x2, x3) ∈ S1 : 1 ≤ x1 ≤ 6, 1 ≤ x2 ≤ 6}.

�� ) %� ' �� %� '# A# " #A = 6 · 5 · 8 = 240 0 / �� � � � % � � � P (A) =
240/720 = 1/3 +

� ~ j# % Bi 0 i = 1, 2, 3# �# 2# � � � %� ) � � L�# " � i2 % & � %� & N# � g % � �"� �� �" ' �" ) � � L�# " �" 2 % � P �� *�# " 0

Bi = {(x1, x2, x3) ∈ S1 : 1 ≤ xi ≤ 6 g 7 ≤ xj ≤ 10" � j 6= i}.

#Bi = 6 · 4 · 3 = 72 0# � � � � )# " P (Bi) = 72/720 = 1/10 + ��# 2# � � �'# �� �# � �" # " B = B1∪B2∪B3 + m � �# , &# Bi" � �# 2# � � �" ' �" N& � � �" 0/ �� � � � % � � � P (B) = P (B1) + P (B2) + P (B3) = 3 · 1/10 = 3/10 +
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] ~ j# % C# �# 2# � � � P % g / �� � �� # � �" & � %� & N# � # � ��# � %" l /# � " � � %"# �# L �' %" 0 C = C1 ∪ C2 ∪ C3' � �'# Ci# " # �# 2# � � � P % g# O % ) Q� %� # � �# i� & N# �# " # � ��# � %" /# � " � � %" # �# L �' %" + m � �# , &# Ci" � �# 2# � � �" ' �" N& � � �" + z �� � g % 2 �� �" # �# � �� ) �" � �� 0 P (C1) = 3/10 +�� ) n � ) & � �'# � % /� � * % * �� �' %' '# C2# " % � n � � L � %� '# C1 0 P (C2) =
3(4 · 6 · 5)/720 = 1/2 + P (C3) = (6 · 5 · 4)/720 = 1/6 + M �� � � � % � � � 0

P (C) = P (C1) + P (C2) + P (C3) = 29/30 +h �� %� % �# � % 0� n" " �� /�# '# �# " �� 2# � # " �# /� � *�# � %# " �# � �# �' �# � ) &# � � % , &# # � ) �� /�# � # � � �'# �# 2# � � � C# " � � P % g � �� L & � %� & N# � # � ��# � %" # �# L �' %" 0
C̄ = {(x1, x2, x3) ∈ S1 : 7 ≤ xi ≤ 10}.

#C̄ = 4·3·2 = 24 0 / �� � � � % � � � P (C̄) = 24/720 = 1/30 + � � � � � )# " 0

P (C) = 1 − P (C̄) = 29/30 +

! ~ j# % D# �# 2# � � � %� "# L & �' � ) � � L�# " � 2 % & � %� & N# � 0

D = {(x1, x2, x3) ∈ S1 : 1 ≤ x2 ≤ 6}.

#D = 6 · 9 · 8 = 432 0# � � � � )# " P (D) = 432/720 = 3/5 +

x + � �# " �# ) %" �# �# " / % ) � �� &# " �� %�# "

S2 = {(x1, x2, x3) : 1 ≤ xi ≤ 10}.

M �� # � � � � �' �'# � /� �' & ) � �'# � % j# ) ) � - � l + � 0# � � .� # � �'# # �# � # � � �"'# S# " #S = 10 · 10 · 10 = 1000 +

� ~ j# % A# �# 2# � � � % � �" ' �" /� �� # � �" ) � � L�# " �" 2 % �� & N# �# " 0

A = {(x1, x2, x3) ∈ S2 : 1 ≤ x1 ≤ 6, 1 ≤ x2 ≤ 6}.

#A = 6 · 6 · 10 = 360 0 / �� � � � % � � � P (A) = 360/1000 = 9/25 +

� ~ �# $ � %� �" Bi 0 i = 1, 2, 3'# � % �# � % % � n � � L % % � � P# ) P �# � �� 0

#Bi = 6 · 4 · 4 = 96 + � � � � � )# " P (Bi) = 96/1000 = 12/125 + M �� � �� % � � � P (B) = P (B1) + P (B2) + P (B3) = 3 · 12/125 = 36/125 +

] ~ j �'# $ � �� �" # �# 2# � � � C'# � % �# � % % � n � � L % % � � P# )P �# � � ] 0 �# �# Q� �" , &# #C̄ = 4·4·4 = 64 + M �� � � � % � � � P (C̄) = 64/1000 = 8/125

g P (C) = 1 − P (C̄) = 117/125 +

! ~ j# % D# �# 2# � � � %� "# L & �' � ) � � L�# " � 2 % & � %� & N# � 0

D = {(x1, x2, x3) ∈ S2 : 1 ≤ x2 ≤ 6}.

#D = 6 · 10 · 10 = 600 0# � � � � )# " P (D) = 600/1000 = 3/5 +

l + � �# " �# ) %" �# �# " / % ) � �� &# " �� %�# "

S3 = {{x1, x2, x3} : 1 ≤ xi ≤ 10, xi 6= xj" � i 6= j, i, j = 1, 2, 3}.

q P �� % 0# �# " / % ) � �� &# " �� %� g % � � ) � �" �" �# '# k Q& /� %" " �� �'# " & * ) � � Q

N& � � �" '# # �# � # � � �" + M �� � � � % � � � 0# � ) %� ' �� %� '# S3# " �n ' %' � / �� # �� .� # � �'# ) �� * �� % ) � � �# " '# l# �# � # � � �" , &# "# / &# '# � R ��� %� % / %� � ��'# �t � * N# � �" ' �" � �� � �" + M �� # � �# " & � � %' �'# � % j# ) ) � - � l + l# " �# � .� # � �# "

(

10

3

)

=
10!

3!(10 − 3)!
= 120.

� ~ z �� � % P �� % � � �� / �� � % , & �# � 2 % % , &# ) � � L�# " � 0# " � % /� � * % * �� � Q' %' � � � �# �# "# � � �' � +

� ~ ��# 2# � � � 0 B 0 P % g & � %� & N# � # � ��# � %" ��# " /# � " � � %" # �# L �' %" " �� �# �# "# � � �' � +

B = {{x1, x2, x3} ∈ S3 : 1 ≤ x1 ≤ 6 g 7 ≤ xj ≤ 10, j = 2, 3}.

�� � .� # � �'# / �" � * �� �' %'# " '# # �# L �� & � %� & N# �# � ��# k# " (

6

1

)

= 6 g# � � .� # � �'# / �" � * �� �' %'# " '# # �# L �� x P �� *�# " # � ��# w# " (

4

2

)

= 6 +M �� � � � % � � � 0 #B = 6 · 6 = 36 g P (B) = 36/120 = 3/10 +

] ~ j# % C# �# 2# � � � P % g / �� � �� # � �" & � %� & N# � # � ��# � %" l /# � " � � %"# �# L �' %" + � � � � � )# " 0

C̄ = {{x1, x2, x3} ∈ S3 : 7 ≤ xi ≤ 10}.

#C̄ =
(

4

3

)

= 4 0 / �� � � � % � � � P (C̄) = 4/120 = 1/30 g P (C) =
1 − P (C̄) = 29/30 +
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f % /� � * % * �� �' %' %" � L � %' % % & �# 2# � � �'# /# �'# '# � � , &# " % *# � �" " � *�#� % %" � L � % ) � - �# O /# � �� # � � %� +f % /� � * % * �� �' %' ) � �' � ) � � � %� � �" ' % �� R ��� % ) � - �" � *�# � % /� � * % * �� �' %' '# � ) & � �# � ) � %'# & �# 2# � � � ) & % �' �" % *# � �" , &# � �� �# 2# � � � P % � ) & � � �' � +

S TUV W X W YV � [ Z[ M %� % ) & %� , & �# � / %� '# # 2# � � �" A g B ) � � P (B) > 0 0� %� ��� �� �  �! � ! ]� J ! �] �� J �  '# A' %' � , &# � ) & � � � - B# " �n '# $ � �' % / ��

P (A |B) =
P (A ∩ B)

P (B)
.

�� d b d� W X W YV � [e [ � � ! G � J �] �� J ! G ���� �� � �! � ! ]� J ! �] �� J �    G� � �  \ � !^ � GJ "K G � G\^  K � !�

P (A ∩ B) = P (A |B)P (B).

�� d b d� W X W YV � [ i [ � G � ! G ���� �� � �! � ! K � K �  

� G � J A1, . . . , An G� GJK � \ I^ K ^ � I GJK G GH ]  ^ � G JK G\ �K �  G\ �^ G A1 ∪ · · · ∪
An = S � & JK � J ] G\  � � ��� �� �  �! � ! ! G^ J G � GJK � B G\

P (B) = P (B |A1)P (A1) + · · · + P (B |An)P (An)

=

n
∑

i=1

P (B |Ai)P (Ai).

�� d b d� W X W YV � [� [ � G� � G I � ! G� � � G \

� G � J A1, . . . , An G� GJK � \ I^ K ^ � I GJK G GH ]  ^ � G JK G\ �K �  G\ �^ G A1 ∪ · · · ∪
An = S � P (Ai) > 0 � �� � i = 1, . . . , n � & JK � J ] G \ � �� � ]^ �  �^ � G� G� G JK � BK �  �^ G P (B) > 0 �

P (Ak |B) =
P (Ak ∩ B)

P (B)
=

P (B |Ak)P (Ak)
∑n

i=1
P (B |Ai)P (Ai)

, k = 1, . . . , n.

_ ` Ta bc d � [ � [ � � & � %R n *� � ) %' �" � n , & �� %" �� % * % N % �" �� & � �n �# %� # � �# /� � Q' & ) �# �' � & �� �" � � %� �1 ) & � � + j# " % *# , &# � %� n , & �� % A /� �' & )# # � ' � *�# , &#� % B + �� / �� )# � � % N# '# %� �1 ) & � �" '# R# ) �& �" �" /� �' & ) �' � / �� A# " �t � 0# �� % � � � , &# # � / �� )# � � % N# '# %� �1 ) & � �" '# R# ) �& �" �" /� �' & ) �' � / �� B# " s � +j �"# # � � L# & � %� �1 ) & � � %� %( %� 0 ) & n �# " � % /� � * % * �� �' %' '# , &# �# " & � �#* &# � ��
��  ^ ] �� J � j# % A# �# 2# � � �# � %� �1 ) & � �# " /� �' & ) �' � / �� � %� n , & �� % A g B# �# 2# � � �# � %� �1 ) & � �# " /� �' & ) �' � / �� � %� n , & �� % B + z �� � P (A) + P (B) = 1

g P (A) = 2P (B)�# " & � � % , &# P (A) = 2/3 g P (B) = 1/3 +j# % D# �# 2# � � �# � %� �1 ) & � �# " '# R# ) �& �" � + P (D |A) = 0,1 g P (D |B) =
0,05 +

� &# �# � �" ) %� ) & � %� P (D̄) g" % *# � �" , &# P (D̄) = 1 − P (D) + M �� � % � G �! G ���� �� � �! � ! K � K �  �# " & � � %

P (D) = P (D |A)P (A) + P (D |B)P (B) = 0,1
2

3
+ 0,05

1

3
= 0,083.

M �� � � � % � � � 0 P (D̄) = 1 − 0,083 = 0,917 +
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S TUV W X W YV � [ Z[ � �" # 2# � � �" A g B" � � �J ! G � GJ ! � GJK G\" � P (A |B) = P (A)
g ! G � G J ! � GJK G\# � � �� � ) %" � +

�� d b d� W X W YV � [e [ A � B \� J �J ! G � GJ ! � G JK G\ \ � � \ �  � \ �

P (A ∩ B) = P (A)P (B).
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��  ^ ] �� J � j# % Ai 0 i = 1, . . . , 4# �# 2# � � � , &# # � ) �� / � �# � �# iR & � ) � � �# + � � Q� � � )# " 0� % /� � * % * �� �' %' '# , &# # � " �" �# � % R & � ) � � �# # "

P (A1 ∪ A2 ∪ (A3 ∩ A4)) = P (A1) + P (A2) + P (A3 ∩ A4) − P (A1 ∩ A2)

− P (A1 ∩ A3 ∩ A4) − P (A2 ∩ A3 ∩ A4) + P (A1 ∩ A2 ∩ A3 ∩ A4)

=P (A1) + P (A2) + P (A3)P (A4) − P (A1)P (A2) − P (A1)P (A3)P (A4)

− P (A2)P (A3)P (A4) + P (A1)P (A2)P (A3)P (A4)

=0,95 + 0,95 + 0,952 − 0,952 − 0,953 − 0,953 + 0,954 = 0,9998.
f % /� �� # � % � L & %�' %' # " ) � �"# ) &# � ) � %'# � % M� � / �" � ) � - �x +x g � %"# L & �' %'#� % ��'# /# �'# � ) � %'# � �" ) �� / � �# � �# " +

_ ` Ta bc d � [� [ F � %# � /�# " %'# ) �� / & � % ) � - � "# P % /�# "# � � %' � % � % � � ) � � % ) � - �'# ��# " /� � g# ) � �" + j# % Ai# �# 2# � � � � %# � /�# " % L % � %# � /� � g# ) � � i 0 i = 1, 2, 3 +j & / � � L %� �" , &# P (A1) = 0,22 0 P (A2) = 0,25 g P (A3) = 0,58 + j & / � � �# �' �, &# � %'# ) �" � - � �# " /# ) � �'# � %" ��# " � � ) � � % ) � � �# " "# �# %� �( %'# � % �# � % ��'# /# � Q' �# � �# +
� + � z & n �# " � % /� � * % * �� �' %' '# , &# � � L % �# � �� L & � % � � ) � � % ) � - � �

x + � z & n �# " � % /� � * % * �� �' %' '# , &# � � L % �# %� � # � �" & � % � � ) � � % ) � - � �

��  ^ ] �� J � � +f % /� � * % * �� �' %' '# , &# � � L % �# � �� L & � % � � ) � � % ) � - �# "

P (Ā1 ∩ Ā2 ∩ Ā3) = P (Ā1)P (Ā2)P (Ā3) = 0,78 · 0,75 · 0,42 = 0,2457.

x + ��# 2# � � � � � L % �# %�� # � �" & � % � � ) � � % ) � - �# " # � ) �� /�# � # � � �'# �# 2# � � �L % �# � �' %" � %" � � ) � � % ) � � �# " + M �� � � � % � � � � % /� � * % * �� �' %' '# , &# � � L % �#%� � # � �" & � % � � ) � � % ) � - �# "

1 − P (A1 ∩ A2 ∩ A3) = 1 − 0,22 · 0,25 · 0,58 = 0,9681.
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